Study objective: To describe mortality inequalities related to education and housing tenure in 11 European populations and to describe the age pattern of relative and absolute socioeconomic inequalities in mortality in the elderly European population. Design and Methods: Data from mortality registries linked with population census data of 11 countries and regions of Europe were acquired for the beginning of the 1990s. Indicators of socioeconomic status were educational level and housing tenure. The study determined mortality rate ratios, relative indices of inequality (RII), and mortality rate differences. The age range was 30 to 90+ years. Analyses were performed on the pooled European data, including all populations, and on the data of populations separately. Data were included from Finland, Norway, Denmark, England and Wales, Belgium, France, Austria, Switzerland, Barcelona, Madrid, and Turin. Main results: In Europe (populations pooled) relative inequalities in mortality decreased with increasing age, but persisted. Absolute educational mortality differences increased until the ages 90+. In some of the populations, relative inequalities among older women were as large as those among middle aged women. The decline of relative educational inequalities was largest in Norway (men and women) and Austria (men). Relative educational inequalities did not decrease, or hardly decreased with age in England and Wales (men), Belgium, Switzerland, Austria, and Turin (women). Conclusions: Socioeconomic inequalities in mortality among older men and women were found to persist in each country, sometimes of similar magnitude as those among the middle aged. Mortality inequalities among older populations are an important public health problem in Europe.
S
ocioeconomic mortality inequalities among older ages have been less discussed as inequalities among younger age groups. However, literature on the topic is increasing and it seems that more researchers developed an interest in mortality inequalities related to socioeconomic status in elderly populations. The lion's share of mortality occurs at old age and any amount of inequality in mortality points to an important source of potential to improve health in the population.
It has been consistently found that among adult populations, mortality at the lower end of the socioeconomic scale is higher than mortality at the higher end. [1] [2] [3] [4] Also among elderly populations, socioeconomic mortality inequalities are found. [5] [6] [7] [8] [9] [10] [11] [12] [13] These inequalities often decrease with increasing age. 10 14-16 However, there are important reasons to determine socioeconomic inequalities among elderly populations.
One reason is that most of what is known of socioeconomic inequalities in mortality among the elderly population stems from research in northern European countries. The question remains as to whether the results from these studies are generalisable to other parts of Europe.
A second reason is that the use of every socioeconomic indicator has its own specific problems when applied to elderly populations. 10 Education is considered to be an appropriate indicator of socioeconomic status by some, 8 but the concept of socioeconomic status is broader than education alone. There may yet be other indicators beside the traditional ones (occupation, income, and education) that are more adequate measures of socioeconomic status for elderly populations. Housing tenure for instance is an indicator that is often used in research from the UK. 6 17-19 Housing tenure as an indicator of socioeconomic status may show substantial mortality inequalities in other countries as well.
Thirdly, when comparing the reported inequalities among the elderly age group with inequalities among the middle aged in relative terms alone, the situation in absolute terms is overlooked. Relative inequalities may decrease with age, but absolute differences may not. Absolute differences are important as well, as they refer to the absolute numbers of avoidable deaths. In aging populations, the number of avoidable deaths can exceed thousands even when relative inequalities can hardly be demonstrated.
This study aims to describe the age pattern of not only relative, but also absolute, mortality inequalities related to both level of education and housing tenure in Europe, using population data. Elderly populations are compared with middle aged populations. To determine the generalisability of results that are found in one part to other parts of Europe, the study includes data from northern as well as central and southern parts of Europe.
METHODS
Population data from national, regional, and urban longitudinal mortality studies were used. We used data on mortality from vital registries linked with data from population censuses. From these census linked mortality data we acquired the number of deaths and the number of person years at risk, by sex, five year age group (age specified at the start of the follow up; with 30-34 as the youngest age group and 90+ as the oldest group), level of education and housing tenure (the second not present in all studies). These two measures of socioeconomic status were validated for the population as part of the population census. The population censuses were carried out by national, regional, and urban statistical bureaus. Table 1 lists the countries and cities that are included in the study. Most studies covered the entire national, regional, or urban population. The data for England/ Wales, Norway, and France were representative samples of the national populations. Swiss data were representative of the population in the predominantly German speaking cantons.
The level of education was initially classified according to national categories of education. We reclassified these into three levels of education (1 = low, 2 = middle, 3 = high), approximately corresponding with the following levels of the International Standard Classification of Education (ISCED): 0-2 (pre-primary, primary, and lower secondary education), 3 (upper secondary education), and 4-6 (post-secondary education). 20 Percentage of missing information for education was large in Denmark (10%) but below 4% in all other populations. Table 2 gives the resulting population distribution of the three levels of this classification. For Switzerland applying the general classification proved difficult, as is apparent from the deviating distribution over the population. Educational data were not available for Denmark and France for ages older than 60-69 years and 70-79 years respectively.
Housing tenure was divided into the following three categories: owner occupiers, tenants, and institutionalised populations. Table 3 gives the distribution of the population according to housing tenure. Tenants were specified as representing lower socioeconomic status and owner occupiers as higher status. The institutionalised were left out of analysis. Tenure data were not available for France for those older than 79 years.
We determined age standardised mortality rates by sex, 10 year age group, and education/housing tenure. The rates were standardised by five year age groups by means of the direct method, with the population of the EU plus Norway of 1995 as the standard. 21 Absolute socioeconomic differences were expressed as rate differences. These are the differences between the mortality rates of the groups with a lower socioeconomic status ( = level 1 of the general educational classification/tenants) with the mortality rates of the groups with a higher status (levels 2 and 3 of the general educational classification/owner occupiers). For Switzerland we combined levels 1 and 2 of the general educational variable instead of levels 2 and 3 to compare about equally large groups for this country as for the other countries in the study.
With Poisson regression analyses we calculated two indicators of relative mortality inequalities, rate ratios, and the relative index of inequality (RII). The rate ratios were controlled for age, and country in the case of analyses of pooled data. The combined middle and high educational categories (for Switzerland only the high educational category), and the house owners were specified as the reference groups. The RII was determined for level of education to control for the distribution of the population over the levels of education. This regression based index contrasts the rate of mortality that is predicted for the lower end of the educational hierarchy with the rate of mortality at the higher end of the hierarchy into a ratio. 22 The use of the RII allows for a direct comparison of relative inequalities between countries. We used the SAS statistical package, version 6.12 to determine these relative measures. 23 We created two pooled European datasets with country specific weights assigned to the individual observations, so that the separate populations carried equal weight in the results of the European analyses. One set included all countries, with the exception of Denmark and France for which no information on education among elderly populations could be given. The other dataset included all countries for which information was available on housing tenure, with the exception of France. The analyses for educational inequalities in Europe were performed on the first pooled dataset, and analyses for inequalities related to housing tenure were performed on the second dataset.
The rate ratios, RIIs, and rate differences were determined for the separate countries and cities for the age groups 50-59 (middle aged), 60-69, 70-79, and 80-89 (elderly populations), and for the pooled data for all age groups of 10 years, ranging from ages 30-39 to 90+. The studies of Barcelona and Madrid were taken together in the analyses of separate countries to represent Spain. A former study showed that the size of inequalities in mortality in both cities were similar. 24 
RESULTS
Mortality rates for European men and women for the age groups 30-39 to 90+ are plotted in figures 1 and 2. For education, the mortality rates among high and low status groups increasingly diverged with older age (fig 1) . The rates for men and women showed a similar pattern. The rates for housing tenure initially showed a similar pattern as those of education-that is, divergence with increasing age (fig 2) . At the oldest ages, however, the rates for tenure converged. The rates of female tenants were smaller than those of female owner occupiers after age 80. Table 4 shows rate ratios and rate differences per age group. Relative inequalities (rate ratios) decreased gradually with age, with the exception of educational inequalities among women. These were stable from ages 40-49 to 70-79. Educational inequalities among men and women persisted until the oldest ages, but inequalities related to tenure did not. Absolute educational differences increased consistently with increasing age among both sexes and were largest for the age group 90+. Absolute differences by tenure initially also increased with age, but decreased among the oldest old. Rates are given per 1000 person years at risk. Rate ratios are the ratio of the rate of the lower educated group with the rate of the combined middle and higher educated groups. Rate differences are the difference between the rate of the lower educated group with the rate of the combined middle and higher educated groups. Relative and absolute mortality inequalities for the separate populations are shown in tables 5 and 6. Table 5 gives educational inequalities. The populations are listed geographically from north to south. In this table, the results for each population are given for the middle aged (ages 50-59) and elderly (ages 60-69, 70-79 and 80-89). Exceptions are Denmark and France for which the oldest age groups are 60-69 and 70-79 respectively. Among men, the relative inequalities (rate ratios) were lower among the elderly than among the middle aged in all populations, with the exception of England and Wales, where the largest inequalities were observed at ages 60-69. A gradual decrease of relative educational inequalities among women in the older groups was only found for Finland. There was still a relation between socioeconomic status and mortality at older ages. Only in England and Wales (among the oldest women) could relative inequalities not be illustrated with statistical significance. Absolute differences were consistently higher among the elderly population.
Differences between countries in the relative educational mortality inequalities are shown in the figures 3 and 4. Variations in the extent of decrease of relative inequalities were found between populations. The decrease with age was large in Norway (men and women) and Austria (men). Smaller declines among women were also observed in Finland, England and Wales, and Barcelona and Madrid. In other populations the RIIs were similar or somewhat larger in the older age group. Table 6 shows inequalities relating to housing tenure. Relative inequalities were consistently smaller among the oldest ages for all populations and both sexes. Among women these were statistically significant in Finland and Denmark only. The extent to which the inequalities declined differed between the populations. The peak in absolute differences was found in many populations at ages 70-79, rather than 80-89, which was in agreement with the finding for the pooled European population that absolute differences in mortality related to housing tenure declined at the oldest ages.
DISCUSSION
This paper illustrated that not only absolute, but also relative socioeconomic inequalities in mortality among the elderly population persisted into old age and were considerable. Moreover we found that whereas relative socioeconomic mortality inequalities generally decreased with age, absolute inequalities increased with age. Finally, we observed that the age pattern of relative inequalities differed between populations among women. A decrease in relative inequalities by education with rising age among women was not evident in many populations.
Some limitations of the study must be discussed. Because of differences in the organisation of national educational systems, we collapsed those into a broad general classification, consisting of three levels, with most of the population falling into the lowest category. We checked what influence the use of this broad classification had on the results. Using a more refined classification that was available for some of the populations we found that a further division of the levels of education resulted in slightly larger relative and absolute inequalities, but that the age patterns did not change.
The follow up periods differed somewhat in length between studies. The studies for Austria and Madrid cover one and two years respectively, while other countries cover a period of four to five years. As a result the Austria and Madrid studies refer to a slightly younger population, which Rates are given per 1000 person years at risk. Rate ratios are the ratio of the rate of the lower educated group with the rate of the combined middle and higher educated groups. Rate differences are the difference between the rate of the lower educated group with the rate of the combined middle and higher educated groups. RR, rate ratio. 95% CI, 95% confidence intervals. RD, rate difference. TR*, total rate. *The total rate represents the mortality rate of the total population-that is, all educational groups together, given per 1000 person years at risk. Rate ratios are the ratio of the rate of the lower educated group with the rate of the combined middle and higher educated groups. Rate differences are the difference between the rate of the lower educated group with the rate of the combined middle and higher educated groups.
may have resulted in a small overestimate of relative mortality inequalities in these populations. Furthermore, mortality rates may have changed during the follow up periods because of, for instance, modifications in the organisation of healthcare programmes. However, we do not expect that this has influenced the results to a great extent, because the follow up periods cover about five years and it is not likely that mortality rates have changed much in such a short time frame.
The results for housing tenure are probably influenced by the exclusion of institutionalised populations. One hypothesis is that the elderly population who still rent a house are a selection of healthy people, because elderly tenants move more easily to institutions when they are faced with problems to live on their own. Research from England and Wales has shown that tenants have higher institutionalisation rates than owner occupiers. 25 If tenants elsewhere also have a higher risk of becoming institutionalised when ill, this may Abbreviations as for table 5. Rate ratios are the ratio of the rate of the lower educated group with the rate of the combined middle and higher educated groups. Rate differences are the difference between the rate of the lower educated group with the rate of the combined middle and higher educated groups. Figure 3 Size of educational inequalities in mortality for middle aged (50-59 years) and elderly (80-89) men. *The oldest age group for France is 70-79. ENG, England and Wales. BAR, Barcelona and Madrid. The relative index of inequality is a regression based index that contrasts the rate of mortality that is predicted for the lower end of the educational hierarchy with the rate of mortality at the higher end of the hierarchy into a ratio.
explain the attenuation of mortality differences by housing tenure at 80+. The finding that inequalities attenuated more among women is in line with this explanation, as women are more likely to be institutionalised when disabled than men are. However, this is not likely to be the only explanation for the attenuation of the inequalities. In Norway, where the percentage of institutionalised is very low a large attenuation was observed.
Irrespective of the problem of institutionalisation mentioned above, housing tenure still acts as a conceptually complementary measure of socioeconomic status to education. Conveniently, it is an indicator that is available in many countries. Housing tenure was strongly related to mortality among the middle aged and among the early old age groups. We found that inequalities according to housing tenure were smaller as compared with educational inequalities only in the two oldest age groups. It seems that housing tenure is a useful indicator for both middle aged and elderly populations, except the oldest old. Future research could address a ''four corners'' approach to socioeconomic inequalities in mortality. Education and housing tenure may relate to different causal pathways and combining the two measures into one indicator may provide evidence of the relative importance of both pathways, as well as their combined effect.
Our results are comparable with the results of previous studies. Although a few studies did not report socioeconomic inequalities among the elderly population, [26] [27] [28] these were mostly epidemiological studies with small sample sizes. 9 Studies with larger samples did find that inequalities in health persist into old age, including studies that report on inequalities related to other socioeconomic indicators than education and housing tenure, and studies based outside Europe. [5] [6] [7] [8] [9] [10] [11] [12] [13] An important contribution of the results of this overview is the finding that relative inequalities among the elderly population were not consistently smaller than among younger age groups.
Furthermore, our study showed that absolute inequality measures reveal important information which relative measures alone cannot. We found that the absolute numbers of excess deaths among the lower socioeconomic groups were considerable at old age. Therefore it cannot be concluded that inequalities among elderly populations are of lesser importance than at middle age.
This study showed that the age pattern of inequalities in mortality differed between countries. These findings raise the question as to why relative inequalities in mortality decreased with age in some countries, while in other countries they remained about stable, or increased, especially among women. One explanation is that a decrease is more unlikely among women in some populations because relative inequalities among the younger women are not large to begin with. In fact, those populations that do show a decrease are those in which relative inequalities among younger women are almost as large as among men (Finland, Norway, and England and Wales).
As the results of this study are related to different cohorts, they can hide different stories. An apparent decline among older generations could hide a surge in inequality among younger cohorts (for example women in Nordic countries). One factor possibly involved in this is smoking. Social inequalities in smoking vary strongly by age group, with larger inequalities observed among younger than among older generations. 29 This age dependency of inequalities in smoking may have influenced the age dependency of inequalities in mortality in many European populations, especially among male generations, which have had historically much higher lifetime exposure to smoking. International overviews have shown that strong age gradients in smoking inequalities, with smaller or even reverse Figure 4 Size of educational inequalities in mortality for middle aged (50-59 years) and elderly (80-89) women. *The oldest age group for France is 70-79. ENG, England and Wales. BAR, Barcelona and Madrid. The relative index of inequality is a regression based index that contrasts the rate of mortality that is predicted for the lower end of the educational hierarchy with the rate of mortality at the higher end of the hierarchy into a ratio.
Key points N Absolute differences in mortality are substantial among the elderly populations in Europe.
N Relative socioeconomic inequalities in mortality are as large among the elderly as among the middle aged in some populations.
N Inequalities in mortality related to education and to housing tenure show varying patterns, suggesting that these determinants relate to different causal pathways.
N The high excess mortality among the elderly population of lower socioeconomic status constitutes an important public health problem. Active measures should be taken to reduce socioeconomic inequalities in mortality among the elderly population.
gradients for the oldest cohorts, have persisted until the 1980s in most southern European populations. 29 30 In northern Europe in contrast, smoking has been more important in generating socioeconomic inequalities among men. This may explain the somewhat more pronounced age pattern among men in northern European populations.
Other risk factors for mortality should be considered as well. For example, alcohol misuse has been identified as an important cause of death among middle aged men in northern Europe. A Finnish study showed that alcohol misuse contributed substantially to the large inequalities in mortality among middle aged men, but much less so among older men. 31 Thus, the relatively strong age gradient in relative inequalities in mortality in Finland is likely to be attributable in part to alcohol related mortality. Even though alcohol related mortality may have contributed as well to inequalities in mortality in more southern countries, these effects may have been spread more evenly over different age groups. Important is to note that, in contrast with the situation in southern countries, fatal alcohol misuse in northern Europe mainly takes the form of binge drinking leading to increased injuries and other actor causes of death that affect middle aged men in particular. 32 Even though these explanations are tentative and require further exploration in future research, they serve to illustrate that many factors influence the age pattern of inequalities in mortality. Given these multiple influences, it should be no surprise that this age pattern strongly varies between countries and between men and women.
This study provided evidence for persisting socioeconomic inequalities in mortality among elderly populations in Europe. The large numbers of excess deaths that occur among the lower socioeconomic groups are an important public health problem. Even when relative inequalities in future elderly European populations will not increase but remain as we observed, the absolute numbers of excess deaths will increase, as a result of the aging of the population within these countries. There is as yet no indication that socioeconomic inequalities in mortality among the elderly population will become less. However, the variations in mortality inequalities that are observed between countries suggest that reducing inequalities is an achievable goal for elderly populations as well.
